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Is liquid-based cytology an alternative to conventional cytology 
for detection of malignant cells in urine of bladder cancer? Eastern 
Indian prospective observational study
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ABSTRACT
Objective: Conventional cytology (CC) is a widely employed biomarker for the detection of bladder 
cancer, but due to its decreased sensitivity, liquid-based cytology (LBC) has been studied. Despite 
its improved cell-free background, decreased cell degeneration, and an automated slide preparation 
technique, it shows a variable rate of malignant cells detection. Thus, we did this study to compare the 
positivity of LBC with CC in eastern Indian population.

Material and methods: A total of 150 patients who underwent a transurethral resection of bladder 
tumor (June 2017 to December 2018) were enrolled. Pre-operative CC and LBC were processed from 
freshly voided urine samples. The malignant cells detection rate and influential factors were noted and 
compared.

Results: The detection of malignant cells by LBC was higher compared to CC (37.3% vs. 25.3%; 
p<0.0001). Among 59 high-grade tumors, 59% and 86% slides were positive for CC and LBC, respec-
tively (p<0.0001). Even in the background of hematuria, LBC showed a better detection (43.33% by 
LBC vs. 23.66% by CC; p<0.0001).

Conclusion: The present study concludes that LBC offers a better detection of malignant cells in the 
urine of patients with bladder tumor as compared to CC. The detection of malignant cells by LBC is 
even better in the background of hematuria.
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Introduction

One of the most prevalent cancers worldwide 
is bladder cancer.[1] More than two-thirds of 
patients with bladder cancer present with the 
non-muscle-invasive variant and are managed 
by transurethral resection. However, even this 
non-muscle-invasive variant has a very high 
recurrence and progression. Due to its very 
high recurrence and progressive nature, it 
leads to significant mortality and morbidity.
[2] Prompt detection decreases cancer-related 
mortality and morbidity.

Cystoscopy and urinary cytology have been 
widely employed and used for the detection, 
follow-up, and surveillance of bladder can-

cer. Cystoscopy is the most commonly used 
modality to diagnose and follow-up patients 
with bladder cancer. However, it is an opera-
tor-dependent, invasive, and painful procedure 
for patients. In addition, it may lead to false-
negative interpretations.[3]

In the background of a high clinical burden with 
a costly and invasive cystoscopic procedure 
that further requires expertise, we need sim-
pler, reproducible community-based tests such 
as urinary-based biomarkers. Conventional 
cytology (CC) is one of these biomarkers used 
for the detection of malignant cells in urine of 
patients affected by bladder cancer. It is read-
ily available and community-based applicable 
test. It has a very high specificity (85%-100%), 
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but it lacks good sensitivity. Sensitivity is likely influenced by 
external factors and the hostile environment of urine.[4]

Liquid-based cytology has been widely used for the detection of 
malignant cells in many diseases, such as cervical cancer, lung 
cancer, breast cancer, and bladder cancer.[5-7] An improved con-
founding cell-free background, decreased cell degeneration, and 
improved slide quality were noted in LBC.[8] Even after these 
positive effects, a variable detection of malignant cells in urine 
was observed.[7] This is the basis of our study, to know the posi-
tivity of LBC as compared to CC in eastern Indian population.

Material and methods

After the institutional ethical board approval from institu-
tional ethical committee of Institute of Post-Graduate 
Medical Education & Research, Kolkata, India (IPGME&R/
IEC/2018/261) and obtaining individual informed written con-
sent, we conducted a prospective observational study including 
150 patients who underwent transurethral resection of bladder 
tumor during the period between June 2017 and December 
2018 in the Department of Urology, Institute of Post-Graduate 
Medical Education and Research, Kolkata, India. Patients were 
excluded on the basis of an active urinary tract infection, blad-
der stones, and associated upper-tract malignancy.

After the inclusion of patients, a detailed history was recorded, 
and 100 mL of freshly voided samples (morning samples were 
not taken) were collected preoperatively after the admission of 
patients and divided into two 50 mL samples. The samples were 
processed within 1 hour. One 50 mL samples were processed for 
CC and another for LBC.

The CC slide preparation was done by sediment obtained by 
double centrifugation of urinary samples. The slide was stained 
with Papanicolaou’s method.

The LBC slide was made using the BD sure-path method. In 
a 50 mL test tube (provided by the manufacturer), the urine 
sample was added and mixed for 5 minutes to homogenize. 
Clots and gross contaminate were removed, followed by which 
samples were centrifuged for 10 mins at 300 g. Supernatant 
fluid was disposed of. BD cytorich red was added to the sedi-
ment, and the sample was vortexed and kept for 30 mins. Again, 
samples were centrifuged for 10 mins at 600 g. The resultant 
supernatant fluid was decanted, and the final sample was mixed 
again. If a moderate to large pellet was detected, two to five 
drops of representative samples were transferred to the 12 mL 
tube, and 10 mL of water was added and centrifuged for 5 mins 
for 600 g. Sediments were obtained after disposing supernatant 
fluid. Finally, 12 mL centrifuge tubes were loaded onto the BD 
Prep Stain slide processor, and the slide was made using an 
automated processor having non-gyn slide processor software.

Cytology reporting was done using the Paris system. For clini-
cal and better understanding, we broadly stratified the report 
into positive and negative cytology for detection of malignant 
cells. Atypical or suspicious cytology was considered negative 
for malignancy in the present study.

After transurethral resection, histopathology reporting was also 
noted as the TNM staging. Grading was also recorded as per the 
World Health Organization’s 2016 classification.

Statistical analysis
All data were collected, and the analysis was done with the IBM 
Statistical Package for the Social Sciences, Version 23.0 (IBM 
SPSS Corp.; Armonk, NY: USA). Pearson’s chi-square test and 
Mc Nemar-Bowker tests were used to compare the positivity of 
CC and LBC.

Results

In the present study, 150 patients out of total admitted  blad-
der tumor patients were included after exclusion of 39 patients 
(based on the exclusion criteria). The mean age of patients was 
59.74±21.5 years, and most of the patients were older than 50 
years of age and mostly were male and smokers (Table 1).

Ninety-four percent of study subjects presented with hematuria. 
Most of the tumors were non-muscle invasive and around two-
thirds of tumors were low grade. Overall, 25.3% of CC was 
positive for malignant cells, and 37.3% of LBC slides were 
positive for malignant cells. This difference is statistically sig-
nificant (p<0.0001) (Table 2).

Among 59 high-grade tumors, 59% of slides were positive 
for CC, while 86% were positive for LBC. The McNemar test 
showed a statistically significant difference (p<0.0001). But 
in low-grade tumors, a statistically insignificant difference 
of positivity (LBC 5.4% vs. 3.2%; p=0.625) was observed 
(Table 2).

Forty percent of patients had ongoing hematuria during urine 
collection, and 43.33% vs 23.66% of samples were positive for 
malignant cells in LBC and CC, respectively, in the background 
of hematuria. A greater positivity in LBC as compared to CC 
was statistically significant (p<0.0001) (Table 2).

Discussion

As bladder cancer leads to significant mortality and morbid-
ity, early diagnosis and management decreases the burden and 
disease-specific mortality. Currently, cystoscopy, cytology, and 
upper-tract imaging are employed for diagnosis and follow-up 
in patients with bladder cancer.
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As cystoscopy is an operator-dependent and painful procedure, 
it may lead to false-negative results and discomfort.[3] As a sig-
nificant number of patients are suffering from bladder cancer, 
a simple, cost-effective, and reproducible investigation may be 
helpful for both the patient and the clinician. One of them is 
urinary-based CC.

One of the downsides of CC is a low detection rate of bladder 
cancer (approximately 20%-50%).[7] In our study, we estab-
lished a similar result of a 25.3% positivity with CC (Table 2). 
Low detection is more pronounced in low-grade tumors due 
to less exfoliation (good cohesive nature of low-grade tumor) 
and a similar cytomorphology (to normal urothelial cell).[8] In 
our study, 3 out of 91 low-grade tumors showed positivity for 
malignant cytology (Table 2).

Another possible reason for a low detection of malignant cells 
by CC are background impurities such as mucus, blood, etc. 
(Figure 1), which hampers the detection of malignant cells. 
On the other hand, LBC is an automated and unique method 
of preparation of slide. Before an automated preparation of 
slide, urinary cells were fixed with a liquid-based preservative 
like cytorich red. It prepares the slide, which is thin layered 
and has a comparative haziness-free background (Figure 2).[8] 
Furthermore, nuclear outline and nuclear cytoplasmic ratio were 
well perceived with LBC (Figure 3 and 4). 

Table 1. Clinical features, stage, and grading of tumor
Variables 	 Frequency	 %

Age (years)	 n=150 {mean age 59.74±21.5}

<41 years	 7	 4.7

41-50	 17	 11.3

51-60	 57	 38.0

61-70	 51	 34.0

>71 years	 18	 12.0

Sex	 n=150	

Male	 126	 84

Female 	 24 	 16

Family history	 n=150

Present	 17	 11.3

Absent 	 133	 88.7

Smoking status	 n=50

Smoker	 119 (112 male & 7 female)	 79.3

Non-smoker	 31 (14 male & 17 female)	 20.7

Mode of presentation	 n=150	

Hematuria	 141	 94

Others	 9	 6

Incidental	 2

Dysuria	 5

LUTS	 2	

Ongoing hematuria during	 n=150 
specimen collection

Present	 60	 40

absent	 90	 60

Tumor stage	 n=150

Benign	 2	 1.3

PUNLMP	 2	 1.3

Ta	 49	 32.7

T1	 82	 54.7

T2	 14	 9.3

CIS	 1	 0.7

Grade of tumor	 n=150

Benign	 2	 1.3

PUNLMP	 2	 1.3

Low grade	 87	 58

High Grade	 59	 39.3

LUTS: lower urinary tract symptoms; PUNLMP: papillary urothelial neoplasia 
of low malignant potential; CIS: carcinoma in situ

Table 2. Cytology correlation
Variables 	 Frequency	 Comments

Urinary malignant cell 	 n=150 
detection

CC	 38 (25.3%)	 p<0.0001

LBC	 56 (37.3%)

Positive for malignant 	 n=91 
cell in low-grade tumor*

CC	 3 (3.2%)	 p=0.625

LBC	 5 (5.4%)	

Positive for malignant 	 n=59 
cell in high-grade tumor

CC	 35 (59.32%)	 p<0.0001

LBC	 51 (86.44%)	

Positive for malignant 	 n=60 
cell in ongoing hematuria  
during specimen collection

CC	 13 (21.66%)	 p<0.0001

LBC	 26 (43.33%)	

*low grade includes benign, PUNLMP and low-grade bladder neoplasm. LBC: 
liquid based cytology; CC: conventional cytology
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Apparently haziness free background and thin-layered slide of 
LBC yields a wide range of sensitivity and detection of malignant 
cells in the urine of patients with bladder cancer. The lowest sen-
sitivity of LBC was detected by Sullivan et al.[9]. They had studied 
a voided urine sample of 100 patients from November 2006 to 
March 2007, who were monitored for bladder cancer. They found 
that an overall sensitivity of liquid-based cytology for urothelial 
cell carcinoma was 21% (low grade 15% and high grade 27%) 
and the specificity was 97%, while Piaton et al.[10] found an 80% 

sensitivity and 91% specificity. They had collected 216 urine 
samples from patients who were referred for cystoscopy (n=92) 
or follow-up patients of conservatively managed bladder (n=117) 
and an upper-tract lesion (n=7). Based on previous studies, an 
overall sensitivity of LBC ranges from 21% to 80%.[7,10-19] In our 
study, we established a 37.3% slide positivity for malignant cells 
in LBC. This result is similar to previous studies (Table 2).

Figure 1. Conventional cytology positive for malignant cells 
(dense inflammatory background). The arrow shows a cluster 
of malignant cells

Figure 3. Liquid-based cytology. The vertical arrow shows 
binucleate malignant cells (clear nuclear outline), and the ho-
rizontal arrow shows normal urothelial cells

Figure 2. Liquid-based cytology positive for malignant cells 
(clear background). The arrow shows a cluster of malignant 
cells

Figure 4. Liquid-based cytology. The arrow shows malignant 
cells with a high N/C ratio
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Now the question is whether LBC offers a better detection of 
malignant cells in urine of bladder cancer as compared to CC? 
Comparative studies between LBC and CC showed variable 
results. A study done by Son et al.[11] showed a better detection 
of malignant cells by LBC as compared to CC. It comprises 
of 713 voided specimens of urine collected in the Pathology 
Department of Chungbuk National University Hospital. They 
revealed 50% diagnostic sensitivity of LBC as compared to 
37.5% of CC, while the study conducted by Sng et al.[12] had 
shown better result with CC. A total of 120 unfixed received 
urine samples were assessed by the preparation of slide by both 
LBC and CC. The sensitivity of conventional cytology (90.0%) 
was found to be higher compared to LBC (80%).

In the present study, an overall 37.3% detection of malignant 
cells in urine of bladder cancer by LBC was observed, which is 
higher when compared to 25.3% by CC. A greater percentage 
of positivity is statistically significant (Table 2). A better detec-
tion of malignant cells with LBC (as compared to CC) is sup-
ported in a study by Son et al.[11] in 2012. The overall detection 
of malignant cells by any means is <40% in the present study, 
and a probable reason for lower detection may be the inclusion 
of a greater number of patients having low-grade tumors (91 
out of 150) and an analysis of only a single voided sample. In 
high-grade tumors (59 out of 150), we found a better detection 
of malignant cells by both methods (i.e., LBC and CC). Our 
study showed a statistically better positive detection by LBC in 
comparison to CC 86% vs 59%; p<0.0001).

As an additional finding in the current study, we also noticed 
that in the background of hematuria, the positivity of LBC 
was better than CC (43.33% vs 23.66%; p<0.0001) (Table 2). 
A plausible reason for a better detection of malignant cells in 
the background of hematuria is the slide preparation with a 
haziness-free background. This hypothesis is also supported by 
by Piaton et al.[10]

In conclusion, in the present study, we conclude that LBC offers 
a better detection of malignant cells in urine of patients with 
bladder tumor as compared to CC. Detection of malignant cells 
using LBC is even better with hematuria. Limitations to the 
present study are a small number of patients, single institution, 
and a non-blinded and non-randomized study.
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